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T he world is filled with living and 
nonliving things. In most cases, fig- 
uring out which of them are alive is 
easy. For instance, it’s obvious that a fiizzy 
woodland creature scampering across a field 
is alive, while a rock plunked down in the 
middle of that same field is not. Science, 
however, doesn’t leave such things to casual 
observation. In order for an organism to be 
alive, it must pass a series of seven tests. 

One test concerns movement. Living 
things are able to get from one location to 
another, or they at least have movement 
within themselves. For an example of the 
second type of movement, consider a tree. 
It can’t move from one place to another, 
but it does have the ability to move water, 
nutrients, and other materials internally 
Whatever the type of motion, it must occur 
under the organism’s own power. Being 
pushed, pulled, or otherwise forced to move 
doesn’t count. 

A second test is sensitivity. Living 
organisms respond to conditions in their 
environment using whatever senses they 
have. Plants stretch and grow toward sun- 
light. Animals and people flinch when they 
hear a loud sound or feel a sharp touch. 





The ability to gather nutrients (the source 
of energy) from food sources is another test 
that proves something is alive. Eating other 
organisms is how most animals, including 
humans, obtain energy. Plants make their 
own food through a chemical process known 
as photosynthesis. Some food energy is used 
right away, while some is stored for later use. 

The process used to create energy from 
food is another essential characteristic of 
living things. It’s called respiration. In most 
cases, respiration involves the exchange of 
oxygen and carbon dioxide, a process that 
releases energy Humans and land animals 
inhale oxygen and exhale carbon dioxide 
from the air using lungs. Fish and many other 
aquatic animals don’t have lungs but are able 
to absorb oxygen and expel carbon dioxide 
through structures called gills. Plants absorb 
and push out gases through stomata, or pores, 
in their leaves. 

Living things grow, meaning new cells are 
added on to or replace old cells that make 
up an organism’s body. Examples of growth 
include legs or stems getting longer, teeth 
sprouting through the gums of youngsters, 
and new layers of skin or wood that cover and 
heal wounds. In a few special cases, plants 
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and animals can replace a body part that has 
been lost— a tail, for example— through a 
process called regeneration. 

A living organism also has to be able to cre- 
ate more of its kind through reproduction. 








Living things reproduce either sexually, with 
two parents, or asexually where an organism 
creates new life on its own. 

The final test that every living thing must 
pass is the ability to get rid of waste and 
toxic substances through excretion. These 
unwanted and potentially harmful materials 
are produced in plants, animals, and humans 
in the process of living. Plants release waste 
gases into the air through their stomata. 
Animals and humans sweep waste and toxins 
out of their bodies primarily through sweat, 
urine, and feces. 

The ability to do just one or a few of the 
functions listed here is all well and good, but 
that doesn’t mean that something is alive. All 
seven characteristics must be present for an 
organism to be considered a true living thing. 




The Characteristics 
OF Living Things 





L iving things include many kinds of 
organisms, from the plants, ani- 
mals, fungi, and algae that can be 
readily seen in nature, to the multitude of 
tiny creatures known as protozoa, bacte- 
ria, and archaea that can be seen only with 
a microscope. Living things can be found 
in every type of habitat on Earth— on land 
and in lakes, rivers, and oceans. Although all 
these organisms are very different from one 
another, they all have two things in common: 
They are descended from a single ancient 
ancestor, and they are alive. 

Most scientists believe that the first living 
organism on Earth probably evolved within 
a billion years of Earth’s formation, which 
occurred roughly 4.5 billion years ago. This 
belief is based on evidence from the fossil 
record. Eossil remains of microorganisms 
resembling cyanobacteria (a group of micro- 
organisms formerly known as blue-green 
algae) were discovered embedded in rocks 
that were roughly 3.5 billion years old. 
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The colors of Morning Glory Pool, a hot spring in Yellowstone National 
Park, aretheresultof different types of cyanobacteria, which are micro- 4 - 
organisms that thrive in harsh environments. Shutterstock. com A 



The early Earth was very different from 
the Earth of today The atmosphere was rich 
in hydrogen, which was critical to the chemi- 
cal events that later took place. According to 
one scientific hypothesis, soupy mixtures of 
elements important to life, such as carbon. 
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nitrogen, oxygen, and hydrogen, were concen- 
trated in warm pools bathed in the ultraviolet 
rays of the Sun. Out of this mix, chemical 
elements combined in reactions that grew 
increasingly complex, forming organic mol- 
ecules such as proteins and nucleic acids. As 
they combined and recombined, these mole- 
cules eventually formed a highly primitive cell 
capable of reproducing itself Over millions 
of years, the process of natural selection then 
aided the evolution of single- and multicelled 
organisms from an ancient common ancestor. 

There are seven key functions, or pro- 
cesses, necessary for life. To be categorized as 
a living thing, an organism must be able to do 
all of these. 



Movement 




Living things have the ability to move in 
some way without outside help. The move- 
ment may consist of the flow of material 
within the organism or external movement 
of the organism or parts of the organism. 

Sensitivity 

Living things respond to conditions around 
them. For example, green plants grow toward 
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Respiration 



All living organisms must be capable of 
releasing energy stored in food molecules 
through a chemical process known as cellular 
respiration. In aerobic respiration, oxygen 
is taken up and carbon dioxide is given off 
In single-celled organisms, the exchange of 
these gases with the environment occurs 
across the organism’s cellular membrane. 
In multicellular organisms, the exchange of 
the gases with the environment is slightly 
more complex and usually involves some 
type of organ specially adapted for this pur- 
pose. Large multicellular animals such as 
birds and mammals must breathe in oxygen, 
which travels to the lungs and is transferred 
to the blood flow of the body’s arteries. The 
arterial system carries this fresh oxygen to 
all the tissues and cells of the body, where 
it is exchanged for carbon dioxide, a cel- 
lular waste product that must be carried 
back to the lungs so that the organism can 
exhale it. 



sunshine, certain microorganisms shrink into 
tiny balls when something touches them, and 
human beings blink when light shines into 
their eyes. 
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spiracles 



Insects breathe through holes in the sides of their bodies. Fish and young amphibians 
have organs called gills to take in oxygen from water. Mammals, birds, reptiles, and 
adult amphibians breathe through lungs. Encyclopaedia Britannica, Inc. 






Plants respire too, but they do it through 
openings called stomata, which are found 
on the underside of their leaves. Certain 
types of bacteria and archaea use a type of 
cellular respiration, called anaerobic respi- 
ration, in which the role of oxygen is carried 
out by other substances. Anaerobic respi- 
ration may make use of carbon dioxide or 
nitrate, nitrite, or sulfate ions, and it allows 
the organism to live in an environment with- 
out oxygen. 



Nutrition 



Living things require energy to survive. The 
energy is derived from nutrients, or food. 
Green plants, algae, and certain archaea 
and bacteria can make food from water and 
carbon dioxide via photosynthesis. Plants 
called legumes can make proteins by taking 
up nitrogen provided by bacteria that live in 
nodules in the plant’s roots. Animals, fungi, 
protozoa, and many archaea and bacteria 
need to get food from an outside source. 
They do this in different ways, all of which 
depend on what physical adaptations the 
organism has. Some animals such as mam- 
mals bite into their food with teeth, while 
certain insects suck up nectar from flowers. 
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A bear gnaws on the bones of an animal it has killed and consumed. 
© www.istockphoto.com/LenTillim 
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Many species of protozoa and bacteria take 
in nutrients through membranes that cover 
their bodies. 

Regardless of how the nutrients are 
obtained— or, in the case of autotrophic 
organisms, manufactured— the organism’s 
physical state will determine how the nutri- 
ents are used. Some of the nutrients may be 
used for structural repairs — that is, turned 
into living material, such as bones, teeth, 
scales, or wood. Some portion of nutrients 
may be used to provide energy, which the 
organism needs in order to function. This 
can be compared to the process in which an 
engine burns oil or coal and gets energy to 
move a train. But note that an engine does 
not use coal or oil to make itself larger or 
mend parts, as living things do with food. 

Growth 

Snowballs will grow in size when they are 
rolled through snow and salt crystals will 
grow in salty water as it evaporates. Although 
these lifeless objects become larger, they 
do not grow in the way that living things 
do. Living things grow by making new parts 
and materials and changing old ones. This 
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The process by which plants and animals 
replace lost or damaged parts by growing 
them anew is called regeneration. Often the 
growth is abnormal in appearance but com- 
, || pletely functional. A tree trunk that is burned 

will produce a new covering for the vital vas- 
cular strands that transport water and food, 
though the bark may be scarred. A deep cut 
on human skin will eventually close with new 
skin growth, leaving a scar. 

Some animals possess the ability to com- 
pletely regenerate a missing part. Lizards can 
regenerate a new tail, and salamanders can 
replace a limb or even an eye. In humans the 
Uver can regenerate after partial destruction. 
To some extent plants form new meristem 
(growth) tissues and produce new shoots after 
the tops are pruned. 



happens when a seed grows into a plant or a 
chick matures into a hen. As human beings 
grow, they add new structures, such as teeth, 
and change the proportions of others. 

A special kind of growth heals injuries. 
Shrubs and trees mend injuries by covering 
them with bark and adding new layers of 
wood. Crabs grow new legs when old ones 
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Some species of whiptail 
lizards are able to repro- 
duce asexually. Females 
lay eggs that have not been 
fertilized by a male but still 
produce normal young. © 
www.istockphoto.com/ 
Nancy Nehring 



When living things 
reproduce, they make 
new living things. This 
is true even of the sim- 
plest microorganisms, 
which may reproduce by 
simply dividing into two 
parts. Each new part is 
able to move, feed, grow, 
and perform the other 
functions of living. This 
type of reproduction is 
called asexual, because it 
can be performed with- 
out a mating partner. 
There are other forms of 



The Characteristics of Living Things 






are lost. Human beings can heal cut skin and 
mend broken bones. 



Reproduction 
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asexual reproduction, in addition to sexual 
reproduction, which requires a partner. 

Asexual reproduction is most commonly 
found among the so-called lower organisms, 
such as bacteria and some types of proto- 
zoa and fungi. They are called “lower” not 
because they are unimportant or simple, but 
rather because they evolved earlier than the 
complex “higher” organisms, such as ver- 
tebrates. Mammals and birds, for example, 
require a partner to reproduce. Some higher 
organisms, however, are able to reproduce 
asexually. Certain plants are an example of 
this, as are some reptiles. 

Excretion 

All living organisms create waste prod- 
ucts via the processes of living. Much waste 
comes from food. The rest is produced by 
movement, growth, and other functions of 
living. If this waste remained in living things, 
it would soon cause illness and death. Thus 
living things must have a way to dispose of 
waste matter. The process that removes waste 
products from the body is called excretion. 
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Cells, Tissues, and Organs 




C ells are the building blocks of the liv- 
ing world. Living things as diverse as 
bacteria, archaea, algae, fungi, proto- 
zoans, animals, and plants all consist of one 
or more cells, which are made up of compo- 
nents that help living organisms eat, respire, 
excrete wastes, and perform all of the neces- 
sary functions of life. The components are 
organized, which means that they fit and 
work together. For this reason, living things 
are called organisms. Similar cells that work 
together form structures called tissues, and 
groups of tissues form organs. 



Eukaryotes, Prokaryotes, 
AND Viruses 



The activities of the cells are controlled by 
the cell’s genetic material— its DNA. In 
some types of organisms, called eukaryotes, 
the DNA is contained within a membrane- 
bound structure called the nucleus. The term 
eukaryote derives from the Greek eu (true) 
and karyon (nucleus.) In eukaryotic cells, 
most specialized tasks, such as obtaining 










A Closer Look at Living Things 



■-iii 



Animal cell 



lysosome ribosomes 
centriole \ i ,cilium 



centrosome 



peroxisome 



Golgi 



cell membrane 



smooth 

endoplasmic 

reticulum 



nuclear pore 
nucleolus 
nucleoplasm 

nuclear 
envelope 



rough 

endoplasmic 

reticulum 



energy from food molecules and produc- 
ing material for cell growth, occur within a 
number of enclosed bodies called organelles. 
Many microorganisms, namely bacteria and 
archaea, consist of a single cell lacking this 
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complex structure, and their DNA is not 
contained in a distinct nucleus. These organ- 
isms are called prokaryotes, from the Greek 
pro (before) and karyon. 

Prokaryotic organisms are believed to 
have evolved before eukaryotes. Prokaryotic 
organisms such as the cyanobacteria can 
photosynthesize food; their food-making 
chlorophyll is scattered through the cell. In 
eukaryotic photosynthesizing organisms, 
such as plants and algae, the chlorophyll is 
contained within chloroplasts. Most bacte- 
ria have neither nuclei nor chloroplasts and 
are he tero trophic, meaning they must obtain 
their food from other organisms. 

Scientists once believed that prokary- 
otic organisms were the simplest organisms. 
Then viruses were discovered. A virus is a 
very small infective particle composed of 
a nucleic acid core and a protein capsule. 
Viruses are responsible for many diseases 
of plants and animals, and some even infect 
bacteria and archaea. A virus is not a cell 
itself, but it requires a cell of a living organ- 
ism to reproduce, or replicate. The nucleic 
acid inside the viral capsule carries the 
genetic information that is essential for rep- 
lication of the virus. However, this is not 
enough for replication to take place. The 
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virus also requires the chemical building 
blocks and energy contained in living cells in 
order to reproduce. When a virus is not in a 
living cell it cannot replicate, though it may 
remain viable for some time. Scientists still 
do not agree that viruses are actually living 
things, since these entities cannot sustain 
life on their own. 

Life in a Single - 
Celled Organism 

There are many kinds of single-celled organ- 
isms that are not prokaryotes. Some of these 
single-celled eukaryotes look like slippers, 
vases, or balls. Some even have more than one 
nucleus. Many swim by waving a flagellum, a 
lashlike structure that looks like a thin arm 
or tail. Others use hairlike structures, which 
are called cilia. One kind has a mouth and a 
ring of moving “hairs” that bring in food. It 
also has a stalk that can stretch or coil up and 
pull the cell away from danger. 

A well-known example of a single-celled 
eukaryote is the amoeba, a protozoan that 
lives in freshwater ponds. To the unaided eye 
it looks like a milky speck, but a microscope 
shows that the protozoan’s “body” is com- 
posed largely of a jellylike substance called 
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cytoplasm that contains a nucleus and a num- 
ber of specialized structures called organelles. 
The surface of the amoeba’s cell is a clear, 
tough membrane that covers and protects 
the cytoplasm of the cell. The cell membrane 
is flexible and permits the amoeba to change 
shape as the cytoplasm flows within the cell. 
By doing so the amoeba can move to get food. 
It takes in a particle of food by surrounding 
it and enclosing it within a droplet called a 
vacuole. As it absorbs food, it grows. In due 
time it divides and each half takes its share of 
the cytoplasm. The two halves of the amoeba 
become two new amoebas. 

Another example of life in a single eukary- 
otic cell may be seen in the tiny green algae 
known as Protococcus. Layers of these algae 
can form green scum on damp trees, rocks, 
and brick walls. Like the amoeba, each 
Protococcus cell contains cytoplasm and a 
nucleus as well as numerous organelles. The 
cell is covered with a membrane. The nucleus 
controls the life of the cell and in time divides 
for reproduction. 

Inside the Protococcus cell is a chloro- 
plast, a relatively large organelle filled with 
grains of chlorophyll. Using the energy 
of sunlight, these grains make food for 
the alga from water and carbon dioxide. 
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The interior of a cell is organized into many 
specialized parts called organelles, each 
surrounded by a separate membrane. The 
nucleus is an organelle that contains the 
genetic information necessary for cell growth 
and reproduction. A cell contains only one 
nucleus, but it can contain multiple copies 
of other organelles. These include mitochon- 
dria, which produce the energy necessary 
for cell survival; lysosomes, which digest 
unwanted materials within the cell; and the 
endoplasmic reticulum and the Golgi appara- 
tus, which make proteins and other important 
molecules and then transport them through- 
out the cell. In addition, plant cells and algae 
contain chloroplasts, which are responsible 
for photosynthesis. 



Animal cells and plant cells contain membrane- 
bound organelles, including a distinct nucleus. In 
contrast, bacterial cells do not contain organelles. 
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The structure of the single-celled alga Protococcus is similar in some 
ways to a plant cell. Algal cells^ like those in plants^ have a nucleus and a 
stiff* cell wall made of cellulose. Floating in the celVs cytoplasm is a chlo- 
roplasty which contains chlorophyll. The chlorophyll uses energy from 
sunlight to make food from carbon dioxide and water. Colonies of these 
algae cells form green scum on ponds and moist rocks. Encyclopaedia 
Britannica, Inc. 
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Since the alga can make food in this way, it 
does not have to move about like an amoeba. 
Therefore it can have a stiff, protecting wall, 
made of a transparent layer of cellulose. These 
two substances, chlorophyll and cellulose, are 
also found in plants. 



Single Cell 

cellulose wall 
(protects cell 
and makes it rigid) 



nucleus 
(controls reproduction 
and growth) 



Inside an Alga 



28 




Cells, Tissues, and Organs 



Multicellular Organisms 

Plants and animals are much larger than viruses 
and microorganisms. They also are too big to 
be formed by a single cell. They therefore are 
made of many cells that live and work together. 

Some of the simplest multicellular organ- 
isms are certain algae that live in ponds and 
streams. Each alga consists of a chain of cells 
that drifts about in the water. Most cells in 
the chain are alike, but the one at the bot- 
tom, called a holdfast, is different. It is long 
and tough. Its base holds to rocks or pieces 
of wood to keep the alga from floating away. 

Sea lettuce, another type of multicellular 
algae, also has a holdfast. The rest of the plant 
contains boxlike cells arranged in two layers. 
These layers are covered and protected by 
two sheets of clear cellulose that is very tough. 

Trees, weeds, and most other familiar 
land plants contain many more cells than sea 
lettuce and are much more complex. Their 
cells form organs such as roots, stems, leaves, 
and flowers. Millions of individual cells are 
needed to form these complex plants. 

No animals consist simply of cells arranged 
in two flat layers like the sea lettuce. But the 
bodies of the pond-dwelling animals called 
hydras have just two layers of cells arranged in 



29 






Cells, Tissues, and Organs 



a tube. The bottom of the tube is closed, but 
its top contains a mouth. Slender branches of 
the tube form tentacles that catch food and 
put it into the mouth. 

Great numbers of cells of many kinds 
form the bodies of such creatures as insects, 
fish, and mammals. Similar cells that work 
together make up tissues. Tissues that 
work together form organs. A dog’s heart, 
for example, is an organ composed of muscle 
tissue, nerve tissue, connective tissue, and 
covering tissue. Another kind of tissue, the 
blood, nourishes them. All these tissues work 
together when the dog’s heart contracts. 

The Role of Hormones 
AND Nerve Cells 

The parts of a multicellular organism are con- 
trolled so that they work together. In plants, 
control is carried out by chemical substances 
called hormones. They go directly from cell to 
cell or are carried about in sap. When some- 
thing touches a sensitive plant, for instance. 



The brown hydra is a pond-dwelling creature com- 
posed of two layers of cells in a tubelike body. The 
two growths on either side of the pictured specimen 
are asexually reproduced buds , which will become 
new hydras. Spike Walker/Stone/Getty Images 




r 



the touched cells produce a hor- 
mone that goes to countless other 
cells and makes them lose water 
and collapse. As cell after cell does 
this, leaves begin to droop. They 
will not spread out again until the 
effect of the hormones is lost. 

In multicellular animals, hor- 
mones regulate growth, keep 
muscles in condition, and perform 
many similar tasks. Other con- 
trols are carried out by nerve cells 
via impulses to and from various 
parts of the body These impulses 
can indicate that something has 
been seen, felt, or heard. They 
also make muscle cells contract or 
relax, so that animals can run, lie 
down, catch food, and do count- 
less other things. Nerve cells may 
even deliver the impulses that 
stimulate hormone production. 



The human nervous system con- 
trols muscle movement and sensory 
perception. Nerve cells connect to 
the spinal cord and brain via the 
central nervous system. Dorling 
Kindersley/Getty Images 
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Molecules and Elements 

When atoms, the basic units of chemical ele- 
ments, combine into chemical compounds, 
they form molecules. Proteins and other 
types of molecules found in cells can be 
extremely complex. One such protein, called 
hemoglobin, carries oxygen in the blood 
and is what makes blood red. Hemoglobin 
contains atoms of six different elements — 
carbon, hydrogen, oxygen, nitrogen, sulfur, 
and iron. 

The complexity is made possible by car- 
bon, which may be called the framework 
element. Because of its structure, carbon can 
link different kinds of atoms in various pro- 
portions and arrangements. Carbon atoms 
also join with each other in long chains and 
other arrays to make some of the most com- 
plex compounds known to chemistry. 

Three other commonly found elements, 
oxygen, hydrogen, and nitrogen, are also 
important in the structure and function of 
living things. In the human body, for example, 
these elements, together with carbon, make 
up about 96 percent of the body’s weight. 
Oxygen and hydrogen are highly important 
in body processes that obtain and use energy 
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from food. Water, a compound of oxygen 
and hydrogen, plays a very important role 
in life processes. Large amounts of nitrogen 
are found in protein, or body-building com- 
pounds. Nitrogen also is found in wood and 
in the substance called chitin, which forms 
the shells of crustaceans, insects, jointed 
worms, and related creatures. 

Specialization 

Single-celled organisms can have special- 
ized parts, such as flagella or cilia, which are 
used in swimming as well as in setting up cur- 
rents that bring food. The food is swallowed 
through a mouthlike structure and digested 
in droplets called vacuoles that circulate 
through the cellular cytoplasm. Special fibers 
that work like nerves control the cilia and 
flagella. Several unicellular organisms even 
possess specialized photoreceptors, some- 
times called eyespots, that respond to light. 
All of these structures are said to be special- 
ized because each one does its own part in 
the work of living. 

In multicellular organisms, cells them- 
selves are specialized. They become efficient 
in one process and are dependent upon other 
cells for other necessities of life. Multicellular 
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Specialization is carried from parts to entire 
living things. Cactus plants, for example, can 
live well only in dry regions, but cattails must 
grow in wet places. Herring swim near the sur- 
face of the sea, but the deep-sea angler fish 
fives on the bottom. Certain caterpillars eat 
only one kind of leaf. 

This specialization of whole organisms 
is called adaptation. Every living thing is 
adapted to its surroundings —to the sea, fresh- 
water, land, or even to living in or on other 
organisms. During the 3.5 billion years since 
living things evolved on Earth, organisms 
have become adapted to aU sorts of condi- 
tions through the process known as evolution 
by natural selection. Today there are millions 
of different combinations between organisms 
and surroundings. 



organisms also have tissues and organs that 
are still more specialized. Roots, leaves, flow- 
ers, eyes, and brains are examples of organs 
that do specialized work. 
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Nutrition and 
Energy Production 




A ll living things require a constant 
supply of nutrients and energy to 
perform the tasks necessary for 
life. Depending on how they acquire these, 
organisms can be described as autotrophs 
or heterotrophs. Autotrophs are organisms 
that convert light or chemicals into nutrients 
and energy They include algae and plants. 
Heterotrophs are organisms that acquire 
their energy by breaking down food. Human 
beings— like most other animals, fungi, pro- 
tists, and bacteria— are heterotrophs. 



How Algae and Plants 
Obtain Food 



All living things either make their food or 
get it ready-made. The single-celled alga 
Protococcus uses both methods. It uses pho- 
tosynthesis to manufacture food from water 
and carbon dioxide. The process requires 
energy, which it obtains from sunlight. After 
several steps the food-making process results 
in a kind of sugar called glucose. This sugar is 
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the fundamental nutrient required by all liv- 
ing cells for energy. 

Protococcus may use glucose molecules 
almost as fast as it makes them. It also may 
turn them into starch or droplets of oil, 
which it stores for use when it cannot get 
sunlight. Finally, Protococcus may combine 
atoms from glucose with some ready-made 
food combinations in the dissolved miner- 
als. In this way it builds up protoplasm and 
cellulose. 
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Plants also make glucose via photosyn- 
thesis. In doing so, however, they use many 
different cells, tissues, and organs, such as 
leaves, roots, and sap-carrying channels in 
the stem. 

How Animals Obtain Food 

Although many animals are green, animals 
do not contain chlorophyll. Therefore they 
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cannot make food from carbon dioxide and 
water. This means that animals must get their 
food from other organisms, such as plants or 
other animals. 

Like plants and algae, animals use food to 
produce different kinds of substances after 
they eat it. Animals use these substances 
for energy. They can turn sugary food into a 
starch called glycogen and store it in the liver, 
where it is ready for use when needed. When 
they eat more food than they need, they can 
store the extra food as fat. 

Securing Energy from Food 

When plants make glucose from water and 
carbon dioxide, some atoms of oxygen are 
released from the combined materials. More 
oxygen is lost when glucose is converted into 
common sugar, starch, fat, or other food 
substances. As oxygen is removed, energy is 
stored in the made-over molecules. 

The stored energy can later be obtained 
by cells through what is essentially a reverse 
process called oxidation. In a complex series 
of steps, oxygen is combined with food mol- 
ecules, which change into simpler substances 
and give up energy. If complete oxidation 
takes place, the food becomes water and 
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Examples of members of the four families of small organic molecules: 
sugars (e.g., glucose), amino acids (e.g., glycine), fatty acids (e.g., 
myristic acid), and nucleotides (e.g., adenosine triphosphate, or ATP). 
Encyclopaedia Britannica, Inc. 
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carbon dioxide again and gives up all its stored 
energy. Part of this energy is lost, but most 
of it remains available to the cell to carry out 
the functions of living. 

Some organisms, especially micro- 
organisms, can live in environments with 
little to no oxygen. These organisms also 
secure energy through chemical processes 
that change foods into simpler compounds. 
In one such process, called alcoholic fer- 
mentation, food gives up stored energy and 
changes into ethanol (a form of alcohol) and 
carbon dioxide. Alcoholic fermentation by 
yeast organisms in bread dough, for exam- 
ple, changes sugar into alcohol and carbon 
dioxide. The carbon dioxide is what makes 
the dough rise, and the alcohol evaporates 
as the bread is baked. 

Carrying Food, Oxygen, 
AND Waste Products 

Single-celled organisms such as Protococcus get 
food-making substances and energy through 
their cell wall. In multicellular plants each cell 
also exchanges substances through its wall. To 
provide what every cell needs and to carry off 
wastes the plant uses a liquid called sap, which 
travels through specialized cells in the plant. 
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Adenosine triphosphate, or ATP for short, is 
an energy-carrying molecule found in the cells 
of all living things. ATP captures chemical 
energy obtained from the breakdown of food 
molecules and releases it to fuel other cellular 
processes. 

Cells require chemical energy for three gen- 
eral types of tasks: to drive metabolic reactions 
that would not occur automatically; to trans- 
port needed substances across membranes; 
and to do mechanical work, such as moving 
muscles. ATP is not a storage molecule for 
chemical energy; that is the job of carbohy- 
drates and fats. But when energy is needed by 
the cell, it is converted from storage molecules 
into ATP. ATP then serves as a shuttle, deUv- 
ering energy to places within the cell where 
energy-consuming activities are taking place. 
Although cells continuously break down ATP 
to obtain energy, ATP is also constantly being 
produced through the processes of cellular 
respiration. 




A drop of sap drips from a tree. Sap transports necessary nutrients to 
the tree^s many cells and helps rid plant life of waste products. free_ 
spirit@photos/Flickr/Getty Images 
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The larger multicellular animals provide 
for the needs of their cells with circulating 
liquids called blood and lymph. Blood carries 
oxygen and nutrients from digested food to 
the body’s cells, and it carries away the car- 
bon dioxide and water produced as wastes by 
cellular processes. Lymph is a fluid that cir- 
culates through its own system in the body, 
playing an important role in the immune sys- 
tem as well as helping the blood dispose of 
wastes from tissues. 




Evolution and 
THE History of 
Life on Earth 




T he evidence is overwhelming that all 
life on Earth has evolved from com- 
mon ancestors in an unbroken chain 
since its origin. The theory of evolution, put 
forth in the 19th century by English natural- 
ist Charles Darwin, explains how the diverse 
species of living things have descended 
from those common ancestors. The theory 
revolutionized the study of living things and 
remains central to the foundations of mod- 
ern biology. 



Heritability of Traits 



Darwin’s theory of evolution is summa- 
rized by the following facts. All life tends 
to increase. More organisms are conceived, 
born, hatched, germinated from seed, 
sprouted from spores, or produced by cell 
division than can possibly survive. Each 
organism varies, however little, in some way 
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The geologic time scale from 6$o million years ago 
to the present^ showingmajor evolutionary events. 
Encyclopaedia Britannica, Inc. 
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from its relatives. In any given environment 
at any given time, the organisms with traits 
best suited to that environment will tend 
to leave more offspring than the others. 
Offspring resemble their ancestors. Variant 
organisms will leave offspring like them- 
selves. Therefore, organisms will diverge, or 
separate, from their ancestors with time. 

The term natural selection is shorthand 
for saying that all organisms do not survive 
to leave offspring with the same probability. 
Those alive today have been selected relative 
to similar ones that never survived or repro- 
duced. All organisms on Earth today are 
equally evolved because all share the same 
ancient original ancestors who faced innu- 
merable threats to their survival. All have 
persisted since the early part of the Archean 
eon, some 3.5 billion years ago. 

Convergent Evolution 

The environment of Earth is varied. 
Mountains, oceans, and deserts suffer 
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Adaptive radiation in Galapagos finches 

medium tree finch large tree finch 

(Camarhyn chus pa uper) ( Camar hynchus psittacula) 

small tree finch 
(Camarhynchus parvulus) 



vegetarian finch 
(Camarhynchus 
crassirostris) 



mangrove finch 
(Camarhynchus heliobates) 



woodpecker finch 
(Camarhynchus pallidus) 





large cactus finch 
(Geospiza conirostris) 



cactusfinch 
(Geospiza scandens) 



sharp-beaked ground finch 
(Geospiza difficilis) 



warbler finch 
(Certhidea olivacea) 



Cocos Island finch 
(Pinaroloxias inornata) 



small ground finch 
(Geospiza fufiginosa) 



large ground finch 
(Geospiza magnirostris) 



medium ground finch 
(Geospiza fort is) 






Fourteen species of Galapagos finches that evolved from a common 
ancestor. The different shapes of their billsy suited to different diets and 
habitats^ illustrate the evolutionary process called adaptive radiation. 
Encyclopaedia Britannica, Inc. 







extremes of temperature, humidity, and 
water availability. All ecosystems contain 
habitats that appear unfavorable to life; 
oceanic oozes lacking oxygen, for example, 
or boiling springs. For each environmental 
condition, however, there is a corresponding 
ecological niche — that is, a place for a spe- 
cially adapted organism to live and thrive. 
The variety of ecological niches populated 
on Earth is quite remarkable. Even wet 
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a A red “eye ” spot, as seen near the upper left end of this Euglena spirogyra 
specimen, is an evolutionary trait that has developed independently 
in protists and animals alike. Wim van Egmond A^suals Unlimited/ 




A 



cracks in granite are alive with “rock eating” 
bacteria. 

As life has evolved over billions of years, 
different organisms have filled particular eco- 
logical niches independently several times. 
For example, the same streamlined shape 
for high-speed motion in seawater evolved 
independently at least four times: in prehis- 
toric reptiles; in tuna, which are fish; and 
in dolphins and seals, which are mammals. 
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No one knows if extraterrestrial life, or life that 
originated beyond Earth, exists or ever existed. 
The branch of biology concerned with extra- 
terrestrial hfe, from microscopic organisms to 
intelligent beings, is called exobiology or astro- 
biology. Scientists in this field consider the 
conditions necessary for fife, how it evolves, 
how to detect ahen life-forms, and the environ- 
ments in which they might five, whether in our 
own solar system or on any of the numerous 
planets orbiting other stars. 

The precise requirements for life are not 
known. All living things on Earth (which are all 
related) are structurally based on carbon and 
need water as a medium for chemical reactions. 
Hydrogen, nitrogen, phosphorous, sulfur, oxy- 
gen, and other elements are also essential. 
However, if alien life-forms exist, they might 
be fundamentally different from any living 
thing on Earth. Such fife-forms might be dif- 
ficult to detect or even recognize as fife. At a 
basic level, living things must be made of atoms 
that bond to form a variety of molecules at 
the temperatures in their environment. They 
also probably require a liquid (water, or per- 
haps ammonia, hydrogen cyanide, or liquid 
hydrocarbons) to act as a solvent for chemical 
reactions. The environment, then, would have 
liquid at or near the surface. It would also need 
sunlight or another energy source, protection 
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from ultraviolet radiation, and probably an 
atmosphere. 

Exploration of the solar system, of course, 
has been an important part of the search for 
extraterrestrial life. Unmanned probes have 
visited every planet in the solar system, plus 
many moons, asteroids, and comets. Places in 
the solar system that seem most likely to have 
harbored life— most likely microbes— include 
Mars, Jupiter’s moon Europa, and Saturn’s 
moon Enceladus. All three have, or once had, 
liquid water at or near the surface. Saturn’s 
moon Titan, which appears to have lakes of liq- 
uid methane, is also of great interest. With its 
geologic activity and dense, nitrogen-rich atmo- 
sphere with a haze of organic compounds. Titan 
in several ways resembles primordial Earth. 



This phenomenon is called convergent evo- 
lution. It means that when there is one most 
efficient solution to a given ecological problem, 
different kinds of organisms will often evolve 
similar, nearly identical solutions. In the case 
of the streamlined form of sea animals, conver- 
gent evolution resulted from the fact that there 
is only a narrow range of solutions to the prob- 
lem of high-speed motion by large animals in 
the sea. 
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Another example of convergent evolu- 
tion is the eye. A light receptor that makes 
an image, the eye has evolved indepen- 
dently more than two dozen times, not only 
in animals but in some of the lower organ- 
isms called protists. Apparently eyelike 
structures best solve the problem of visual 
recording. 

Spontaneous Generation 

Before the i6th century it was commonly 
believed that organisms such as flies and 
worms arose from mud or other nonliving 
substances. This idea is known as sponta- 
neous generation. According to the theory, 
pieces of cheese and bread wrapped in rags 
and left in a dark corner were thought to 
produce mice, because after several weeks 
mice appeared in the rags. Many people 
believed in spontaneous generation because 
it explained such occurrences as maggots 
swarming on decaying meat. 

By the i8th century it had become obvi- 
ous that plants and animals could not be 
produced by nonliving material. The origin 
of microorganisms such as yeast and bac- 
teria, however, was not fally determined 
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Experiments disproving spontaneous generation 
Francesco Redi 1668 experiment 

wide-mouthed jars containing a piece of meatn 



V 



open jar 









gauze-covered jar 









flies entered and no flies entered p but they laid eggs on the 

laid eggs that gauze that hatched maggots, or eggs fell through 
hatched maggots the gauze and hatched on the meat 



sealed jar 

/ 

no flies, maggots, 
or eggs could enter 



Louis Pasteur 1859 experiment 

broth was boiled in various flasks for one hour to sterilize it and allowed to cool, drawing In fresh air. 




broth 



broth 



ti 



n 



open flask allowed air and any cotton plug filtered bacteria 

bacteria present in the air to enter from the air entering the flask 




sterile 



broth 



n 

bacteria were removed from 
the air enteing the flask by 
settling in the lortg neck 



sterile 






A depiction of experiments conducted in the if^th and 19th centu- 
ries designed to disprove the concept of spontaneous generation. 
Encyclopaedia Britannica, Inc. 
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until French chemist Louis Pasteur proved 
in the 19th century that microorganisms 
reproduce, that all organisms come from 
preexisting organisms, and that all cells 
come from preexisting cells. 




Although the doctrine of spontaneous genera- 
tion was rejected in the 19th century, a similar 
idea has been put forth to explain the origin of 
life on Earth. Biopoiesis is a process by which 
living organisms are thought to develop from 
nonliving matter. According to the biopoi- 
esis theory, conditions were such that, at one 
time in Earth’s history, life was created from 
nonliving material, probably in the sea, which 
contained the necessary chemicals. During 
this process, molecules slowly grouped, then 
regrouped, forming ever more efficient means 
for energy transformation and becoming capa- 
ble of reproduction. 

Some scientists think that under present 
conditions new forms of fife are not likely to he 
created from nonliving matter. Others feel that 
fife is continuously being created hut that the 
new forms are not so well adapted to the envi- 
ronment as existing ones and are thus unable to 
compete successfully. 
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The Geologic Record 

Past time on Earth is divided into four 
immense periods of time called eons. These 
are the Hadean (4.6 to 4 billion years ago), 
the Archean (4 to 2.5 billion years ago), the 
Proterozoic (2.5 billion to 542 million years 
ago), and the Phanerozoic (542 million 
years ago to the present). 

Evidence of the earliest primitive life- 
forms appears in rocks dating from about 3.5 
billion years ago, during the Archean eon. 
The microorganisms preserved in these fos- 
sils are bacteria, including the type known 
as cyanobacteria. Some of these simple pro- 
karyotes began carrying out photosynthesis, 
making their own food and releasing oxygen 
into the atmosphere. During the Proterozoic 
eon, the level of oxygen in the atmosphere 
reached levels that enabled more complex 
organisms to evolve. 

The earliest fossils are all of aquatic organ- 
isms. Cyanobacteria that lived on land did not 
appear until about 2 billion years ago. By the 
dawn of the Phanerozoic eon, however, life 
had established itself firmly both on land and 
in the waters of the world. Eor example, the 
major groups of marine animals such as mol- 
lusks (snails, clams, squid) and arthropods 
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Fossils, such as that of this ancient anthropod known as a Marrella, 
confirm the existence of life on Earth hundreds of millions of years 
ago. O. Louis Mazzatenta/National Geographic Image Collection/ 
Getty Images 



(crabs, lobsters) appeared for the first time 
about 542 million years ago at the start of the 
Cambrian period of the Phanerozoic eon. 
Vascular plants began to form colonies along 
coastal lowlands during the Silurian period, 
444 to 416 million years ago. 

Over time, living things developed more 
and more ways of adapting to more and 
more environments. Some species became 
extinct, but others persisted and changed. 
Eventually the process of evolution produced 
the full range of living things known today 
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divided living things into two kingdoms — 
plants and animals. Most organisms classified 
in the plant kingdom had chlorophyll and 
cellulose. The animal kingdom consisted of 
species that lacked chlorophyll or cellulose. 
This classification system was formalized 
in the i8th century by the biologist Carolus 
Linnaeus. The system of Linnaeus was based 
on similarities in body structure, and it was 
completed more than a hundred years before 
the work of Charles Darwin, whose theory 
of evolution showed that the similarities and 
differences of organisms could be viewed as a 
product of evolution by natural selection. 

As biologists in the 20th century learned 
more about microorganisms and fungi, they 
recognized the need for a different clas- 
sification system that would draw on the 
evolutionary relationships among organisms. 
A five-kingdom system began to be adopted 



S ome scientists estimate that there are 
roughly 14 million species on Earth, 
though only approximately 1.9 million 
have been identified. For centuries scientists 
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Biological class^cation system. Encyclopaedia 
Britannica. Inc- 
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in the 1970s that separated fungi into their 
own kingdom. It also created a kingdom 
called Monera for all prokaryotes and a king- 
dom called Protista for all eukaryotes that 
did not belong in the plant, animal, or fungi 
kingdoms. 

In the late 1970s, however, a group of 
scientists determined the existence of a 
previously unknown form of life. Using 
molecular technology to examine the evo- 
lutionary relationship among several groups 
of prokaryotes, the researchers noted that 
one group had distinct differences in its 
genetic code that set it apart from other 
prokaryotes. This finding eventually led to a 
significant modification in the classification 
of living things because these organisms, now 
called archaea, became recognized by most 
biologists as one of three distinct branches 
of life that formed early in the development 
of life on Earth. The three branches, called 
domains, are the Archaea, Bacteria, and 
Eukarya. 



Bacteria 

Bacteria are single-celled prokaryotes (organ- 
isms with no distinct nuclei or organelles). 
Virtually all bacteria have a rigid cell wall. 
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which contains a substance called peptidogly- 
can. Typical shapes of bacteria cells include 
spheres, rods, and spirals. Some bacteria have 
flagella that they use to propel themselves. 
Based on genetic studies experts believe 
there may be approximately i million species 
of bacteria, of which only roughly 4,000 have 
been identified. 
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As a group, bacteria are highly diverse. 
Some bacteria are aerobic and others are 
anaerobic. Some, such as purple bacteria 
and cyanobacteria, contain chlorophyll and 
therefore can make their own food. Purple 
bacteria swim by means of flagella. Although 
they are photosynthetic, the greenish par- 
ticles they contain are a different form of 
chlorophyll than that found in other pho- 
tosynthetic organisms. Cyanobacteria have 
no flagella and often live together in chains 
or clumps covered by a jellylike substance. 
They contain true chlorophyll and thus are 
autotrophic. However, under certain condi- 
tions they may also take in food from other 
sources. Most bacteria are heterotrophic, 
including an important group of bacteria that 
decompose the matter from dead organisms. 
Other important groups of bacteria include 
disease-causing bacteria and bacteria that 
convert nitrogen in the air into compounds 
that plants can use. 

Archaea 

Archaea, like bacteria, are single-celled pro- 
karyotes, and their external appearance is 
similar to that of bacteria. Nevertheless, 
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Archaea are found in a diverse range of extreme environments^ 
including the salt deposits on the shores of the Dead Sea. Z. Radovan, 
Jerusalem 



they differ from bacteria genetically and in 
terms of structural components and bio- 
chemistry. For example, the cell wall of 
archaea does not contain peptidoglycan 
and the way archaea process DNA is more 
complex. Although abundant numbers of 
archaea live in a great variety of habitats, 
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including in the oceans and in soil, a notable 
characteristic of certain species is that they 
can thrive in environments that are deadly 
to other kinds of organisms. 

Many archaea inhabit the deep vents on 
the ocean floor or hot springs, where temper- 
atures are well over 200 °F (93 °C). Pyrococcus 
woesei is a notable example. It grows at tem- 
peratures above 212 °F (100 °C). Other such 
extremophile species of archaea live in pools 
of highly acidic or salty water. Archaea known 
as methanogens live in environments such as 
swamp mud or in the rumens of cows, where 
there is no oxygen. They take in carbon diox- 
ide and hydrogen from their environment 
and produce methane gas as a by-product of 
their metabolism. 

In a sense, these habitats resemble some 
of the early conditions on Earth, such as 
boiling hot water springs and an atmosphere 
devoid of oxygen. The ability of archaea to 
thrive in such extreme conditions suggests 
that they had become adapted to them long 
ago, and the pattern of the genetic code of 
archaea has suggested that these organisms 
were probably among the earliest forms of 
life on Earth. In other comparisons with 
bacteria, some archaea, like certain bacteria. 
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are able to make nitrogen in the atmosphere 
available to plants. Unlike bacteria, no spe- 
cies of archaea has been found that uses 
chlorophyll for photosynthesis and no 
archaea that cause disease in humans has 
been identified. 

Archaea are difficult to identify and study 
because most cannot be grown in a labora- 
tory culture. Advances in DNA techniques, 
however, make it possible to analyze directly 
material from the environment to identify 
the DNA and RNA of the archaea and other 
microorganisms inhabiting the sample. 

Eukarta 

The domain Eukarya encompasses all organ- 
isms other than bacteria and archaea. It 
includes both single-celled protists such as 
algae and protozoa and multicellular organ- 
isms such as fungi, plants, and animals. 

Protists 

Protists are a very diverse group of mostly 
single-celled organisms that are eukaryotes — 
that is, they have a true nucleus and 
organelles— and are not considered to belong 
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to the animal, plant, or fungi kingdoms. They 
may live as solitary individuals or in groups 
called colonies, and they may be autotrophic 
or heterotrophic. 

Under the five-kingdom classification 
protists made up the kingdom Protista, and 
under the three-domain system most biolo- 
gists continued to use that classification. 
Advances in comparing the genetic informa- 
tion from many kinds of protists indicated. 



The bite of the tsetse fly is responsible for infecting people with the 
protist Trypanosoma brucei, which is responsible for the onset of an 
often deadly disease called j^ican sleeping sickness. John Cooke/ 
Oxford Scientific/Getty Images 
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however, that new kingdoms might be needed 
for their classification and researchers sought 
to characterize them. It is estimated that 
there are some 600,000 species ofprotists on 
Earth, but only a fraction of these— roughly 
80,000 —have been described. 

Many protists live in the oceans or in 
freshwater. The protists are commonly 
divided into the animal-like protozoa, most 
of which are heterotrophic; the plantlike 
algae, which are autotrophic; and the fimgus- 
like slime molds and water molds, which feed 
on decaying matter. Some protozoa have 
flagella or cilia to help propel them through 
their environment. This helps them to 
capture food and evade predators. Protozoa 
such as the euglenoids have chlorophyll and 
can make glucose via photosynthesis, though 
they may also capture food from outside 
sources under certain conditions. Algae also 
are autotrophic and manufacture food via 
photosynthesis. 

A number of protists cause important 
diseases. The flagellate protist Trypanosoma 
brucei causes the disease African sleeping 
sickness in humans, while a particular spe- 
cies of amoeba is responsible for a form of 
dysentery. 
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A mushroom grows on a tree trunk. Mushrooms and other fungi depend 
on living organisms or dead organic matter for food. Shutterstock.com 
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Fungi 

The fungi kingdom contains a widely 
diverse group of organisms, ranging from 
yeasts to molds and mildews to mushrooms 
and toadstools. A fungus is categorized as a 
heterotrophic eukaryotic organism with cell 
walls. In addition, all fungi are multicellular. 
The presence of cell walls in these organ- 
isms inspired biologists to classify them for 
many years with the plants. However, fungi 
possess many traits not found in plants. 
Fungi lack chlorophyll and chloroplasts; 
they cannot synthesize their own food but 
rather must depend on other organisms for 
nourishment. 

Many fungi do this via symbiotic relation- 
ships with other organisms. Like animals, 
fimgi must digest their food before absorb- 
ing it, but unlike animals, fungi digest their 
food outside of their bodies. To do this, fungi 
secrete enzymes into their immediate sur- 
roundings; these enzymes degrade, or break 
down, food into small molecules that are 
then absorbed by the fungi. According to 
scientific estimates, there are roughly 1.5 mil- 
lion species of fungi on Earth, though only 
80,000 are known. 
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Close living arrangements between two dif- 
ferent species is called symbiosis. The word 
comes from the Greek word meaning “state 
of bving together.” Usually the two organisms 
are in close physical contact, with one living on 
or in the other. In some cases, however, the 
relationship is less intimate. 

Symbiosis is classified into mutualism (once 
called symbiosis), commensalism, and parasit- 
ism. In mutualism both partners benefit from 
the relationship. Commensalism describes a 
relationship in which one member benefits 
while the other is neither helped nor harmed. 
In parasitism one member of the relationship 
benefits while the other is harmed. 



In a classic symbiotic relationship, clownfish live 
unharmed among the stin^ng tentacles of sea 
anemones, where they are protected from predators. 
Shutterstock.com 







The Classification of Living Things 




Plants 

The plants are multicellular eukaryotic 
organisms and are classified in the kingdom 
Plantae. Members of the plant kingdom 
range from simple green vines and moss to 
enormous complex trees such as redwoods. 
Biologists believe there are approximately 
300,000 species of plants. Of these, an esti- 
mated 10 percent have not been identified. 
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and experts believe most of these exist in 
rain forests. 

Virtually all plants contain chloro- 
phyll and are autotrophs. Some plants are 
vascular— that is, they have specialized tis- 
sues that carry water and nutrients to all 
parts of the plant. Vascular plants include the 
flowering plants, the trees, and most familiar 
terrestrial plants. Other plants are nonvas- 
cular; they lack roots, stems, and leaves and 
are usually aquatic. Some terrestrial plants, 
including mosses and liverworts, also are 
nonvascular. Terrestrial nonvascular plants 
are usually small. Their lack of a vascular sys- 
tem limits the amounts of nutrients that can 
be transported to all of their cells. 

A few species of plants such as dodder and 
Indian pipe are nonphotosynthetic para- 
sites. A few others such as the Venus’s-flytrap 
are photo synthetic but carnivorous — they 
trap insects as a source of nitrogen and 
minerals. 



Animals 

The organisms classified in the kingdom 
Animalia are multicellular eukaryotes. 
Because their cells lack chlorophyll, all ani- 
mals are heterotrophs. They have different 
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A cicada sloughs off its 
exoskeleton. Because 
invertebrates such 
as the cicada lack a 
backbone^ they are sup- 
ported^ and their tissue 
protected^ by the hard 
covering of an exoskel- 
eton. Richard Ellis/ 
Getty Images 



types of tissues in their bodies and usually can 
move freely. Animals are sometimes called 
metazoans, which thus distinguishes them 
from the protozoans, which are single-celled. 

Animals can be divided into two main 
groups: invertebrates and vertebrates. The 
invertebrates — such as insects, sea stars 
(starfish), and worms— lack a backbone. 
The body tissues of many invertebrates are 
supported by some type of outer structure, 
called an exoskeleton. Vertebrates have a 
backbone. Animals categorized as verte- 
brates include fish; amphibians, such as frogs 
and salamanders; 
reptiles, such as 
snakes and lizards; 
birds; and mammals 
such as dogs, cows, 
horses, monkeys, 
and humans. 
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The animal kingdom is by far the larg- 
est kingdom of eukaryotes. Experts believe 
that there are more than lo million species 
of animals living today; of these, only about 
1.3 million species have been identified. The 
largest group within the animal kingdom 
is the insects. Roughly 8 million species of 
insects may exist, but only about i million 
have been identified or described. The best 
known of the animal groups are birds and 
mammals, ofwhichroughly 10,000 and4,500 
species have been identified, respectively 
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T he diversity of the living world is 
staggering. Nearly 2 million species 
of organisms have been named and 
described, and many millions more remain to 
be discovered. What is impressive is not just 
the numbers but also the incredible variety of 
sizes, shapes, and ways of life. Living things 
range from lowly bacteria, measuring less than 
a thousandth of a millimeter in diameter, to 
stately sequoias, rising 300 feet (100 meters) 
above the ground and weighing thousands 
of tons; from bacteria living in hot springs at 
temperatures near the boiling point of water 
to fungi and algae thriving on the ice masses 
of Antarctica; and from giant tube worms liv- 
ing near deep vents on the dark ocean floor 
to spiders and larkspur plants existing on the 
slopes of Mount Everest more than 19,700 
feet (6,000 meters) above sea level. With 
so much diversity on display— and with so 
much of the living world still undiscovered— 
the identiflcation and classification of living 
things will remain a dynamic and essential 
pursuit among biologists, and an area of acute 
interest of curious minds everywhere. 
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aerobic Living, active, or occurring only in 
the presence of oxygen, 
archaea Any of a group of single-celled 
prokaryotic organisms that look like bac- 
teria but are structurally different, 
autotroph An organism that makes it own 
food by harnessing sunlight through 
photosynthesis; compare to hetero- 
trophs, which must eat other organisms 
for food. 

bacteria Any of a group of single-celled 
microorganisms that live in soil, water, 
organic matter, or the bodies of plants 
and animals. 

cellulose A complex carbohydrate that is 
the main component of plant cell walls, 
chloroplast A structure within a green 
plant cell in which photosynthesis 
occurs. 

cilia Tiny hairlike structures that help 
single-celled organisms move, 
eukaryote Any organism composed of one 
or more cells, each of which contains 
a clearly defined nucleus enclosed by a 
membrane, along with organelles, 
extremophile An organism that lives under 
extreme environmental conditions such 
as in a hot spring or ice cap. 
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flagellum A long whiplike structure, the 
motion of which helps some microscopic 
organisms move. 

fungi Multicellular organisms that are like 
plants but lack chlorophyll, and there- 
fore depend on other organisms to gain 
nutrients. 

heterotroph An organism that breaks 
down an existing food source to receive 
nutrients; compare to autotrophs, 
which use sunlight and chemicals to cre- 
ate food. 

meristem Region of cells capable of divi- 
sion and growth in plants, 
metazoa A scientific term for animals, 
which have bodies composed of multi- 
ple cells forming tissues and organs; as 
opposed to single-celled protazoa. 
methanogen Any of various anaerobic 
microorganisms that produce methane 
as a result of metabolizing, or processing, 
carbon dioxide and hydrogen, 
photosynthesis The process by which 
green plants transform light energy into 
chemical energy. 

prokaryote A typically single-celled micro- 
organism that lacks a distinct nucleus 
and membrane-bound organelles. 
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protist Any of a large group of mostly 
single-celled organisms that resemble 
plants or animals but are classified as 
neither; they include the protozoa, 
algae, and some lower fungi, 
protozoan Any of a group of single-celled 
organisms that have varied structure and 
physiology and often complicated life 
cycles. 

stoma A microscopic opening or pore in 
the top layer of a leaf or young stem, 
symbiosis A close living arrangement 
between two organisms that benefits 
either one or both of the two. 
vascular Of or relating to tissues through 
which a life-giving, nutrient-rich fluid, 
such as blood (animals) or water (plants), 
flows through an organism’s body 
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American Institute of Biological Sciences 

1900 Campus Commons Drive 

Suite 200 

Reston, VA 20191 

(703) 674-2500 

Web site: http://www.aibs.org 
The American Institute of Biological 
Sciences offers a number of programs 
and resources that include publications, 
biological research, and advisory services 
to U.S. government agencies. 



American Society for Microbiology 
1752 N Street NW 
Washington, DC 20036-2904 
(202) 737-3600 

Web site: http://www.asm.org 
The American Society for Microbiology 
advances the study of microorganisms 
through fellowships, online publications, 
conferences, and workshops. 



Canadian Museum of Nature 
PO Box 3443, Station D 
Ottawa, ON KiP 6P4 
Canada 
(613) 566-4700 

Web site: http://nature.ca/en/home 
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The Canadian Museum of Nature is the 
countr/s national natural history 
museum, featuring exhibits and activities 
concerning the living Earth. 

Environment Canada 
351 St. Joseph Boulevard 
Place Vincent Massey 
Gatineau, QC KiA 0H3 
Canada 
(819) 997-2800 

Web site: http:/Avww;ec.gc.ca 
Environment Canada is a national organi- 
zation that works to protect Canada’s 
natural resources. As such, it has access 
to extensive research and databases con- 
cerning the country’s biodiversity and 
burgeoning new species. 

The Linnaean Society of New V^rk 
PO Box 4121 

New York, NY 10163-4121 
Web site: http://linnaeannewyork.org 
Members of the Linnaean Society of New 
York share an active interest in observ- 
ing and learning about the natural 
environment of New York state and its 
inhabitants. The society publishes a 
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newsletter, holds meetings, and sponsors 
field trips, with a special emphasis on 
ornitholog}^ 



National Museum of Natural History 
PO Box 37012, Smithsonian Institution 
Washington, DC 20013-7012 
Web site: http://www.mnh.si.edu 
With more than 126 million specimens and 
artifacts in its collections, the National 
Museum of Natural History inspires 
public interest in all aspects of the natu- 
ral world and offers numerous resources 
for those wishing to explore the planet’s 
biodiversity 



Web Sites 

Due to the changing nature of Internet links, 
Rosen Educational Services has developed an 
online list of Web sites related to the subject 
of this book. This site is updated regularly 
Please use this link to access the list: 

http : / /www rosenlinks . com/biol/lvth 
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